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INTRODUCTION
Mineral trioxide aggregate (MTA) is a material with broad 
indications in endodontics. It is used in the treatment of 
various perforation of the root canal, pulpotomy and treat-
ment of vital pulp as well as an apical barrier in teeth with 
necrotic pulp, and open apex. In contact with synthetic 
tissue fluids, MTA forms hydroxyapatite crystals which 
act as a base for the formation of calcified structures after 
application of this material [1, 2].
MTA was primarily developed as material for pulp 
capping, pulpotomy or as material for the formation of 
apical barrier in teeth with immature roots, as well as 
material for retrograde root canal obturation. In studies 
on animal models (primary teeth model in pig) related 
to the vital pulp therapy, MTA, β-tricalcium phosphate 
and portland cement (PC) caused similar pulp reaction.
Numerous investigations on direct pulp capping 
in permanent teeth were performed in order to evalu-
ate formation, quality and thickness of calcified bridge, 
presence of inflammatory cells, and the efficiency of pulp 
protection as important criteria for assessing pulp vital-
ity after the treatment. Comparative analysis of MTA and 
Ca(OH)2 as materials for direct pulp capping, pointed 
to the important differences. After application of MTA, 
the appearance of calcified bridge was observed after 
one week. Pulp was not inflamed and in all cases after 
five months there was a calcified bridge formation. In 
contrast, pulps capped with Ca(OH)2 showed the pres-
ence of inflammation and significantly lower degree of 
calcified bridge formation. In the experiments on dogs 
it was found that after pulp capping with MTA osteo-
dentinal structure could be formed after two weeks only. 
The formation of bridge occurs is in two phases. During 
the first two weeks the osteodentine matrix is formed. 
After three weeks a complete layer of reparative dentin is 
created. Better results are found after pulp capping with 
MTA as compared to products based on calcium hydrox-
ide in dogs’ teeth [1, 2].
In the study of maxillary molars in mice, Andelin et al. 
[3] compared MTA with bone morphogenetic protein -7 
(BMP-7) as material for pulp capping. The samples were 
stained immunohystochemically to identify the dentin 
sialoprotein (DSP) using functional marker for odonto-
blasts. Two weeks later all teeth where pulps were capped 
with MTA showed formation of hard tissue very similar 
to tertiary dentin.
Comparison of biological response of the pulp to 
Ca(OH)2 and MTA indicates superiority of MTA because 
MTA forms hard tissue bridge that prevents pulp irrita-
tion. Research on osteodentin deposition, cell prolifera-
tion and the appearance of immunoreactive cells similar 
to odontoblasts showed that a thin layer of necrosis with 
inflammatory cells was formed first (after one day), and 
after seven days a calcified bridge was formed. Another 
study on maxillary molars in mice showed the presence 
SUMMARY
Mineral trioxide aggregate (MTA) is a material with broad indications in endodontics. Currently, this material is used 
for pulp capping, pulpotomy, as apical barrier in teeth with necrotic pulp and open apex, and in the treatment of vari-
ous root canal perforations. By comparing the biological response of pulp tissue capped with calcium hydroxide and 
MTA, the superiority of MTA has been indicated. The bridge of hard tissue formed under MTA prevented the irrita-
tion of pulp. Histological studies of pulpotomy in dog teeth have shown after 120 days a hard tissue without necrosis 
formed under MTA. MTA is also the material of choice for retrograde root canal obturation and lateral perforation. 
Meta analysis of published papers on MTA in recent years indicated the great clinical success of this material which 
ensured a good canal seal and superior biocompatibility. It is the only material for retrograde root canal obturation 
that encourages tissue regeneration. Studies have also shown that MTA has inductive and conductive properties for 
hard tissue as well as the ability to release ions in a liquid medium. The main disadvantage of MTA is related to its 
color, the presence of iron and mangan ions, the difficulties in maintaining the characteristics of material during time, 
absence of solvent for this material and the difficulty for its removal after crosslinking.
Keywords: mineral trioxide aggregate; direct pulp capping; retrograde surgery; clinical application
Address for correspondence: Vukoman JOKANOVIĆ, Institute for Nuclear Sciences ”Vinča”, Mike Petrovića Alasa 12-14, 
11000 Belgrade, Serbia; vukoman@vinca.rs98 Jokanović V. et al. Mineral Trioxide Aggregate as Material of Choice in Endodontic Therapy
of calcified bridge in all samples, five hours after pulp 
capping.
In animal studies, mechanically exposed pulp of hiper-
glycemic rats showed greater degree of inflammation and 
slower formation of dentin bridge as compared to normal 
rats after pulp capping with MTA. SEM and TEM studies 
on dogs have also clearly indicated the formation of crys-
tal structures one week after pulp capping [4, 5].
Using EDS analysis, researchers found that under MTA 
there is a smaller amount of calcium than in the previously 
formed ortodentin. This study indicates that the calci-
fied bridge is mainly composed of calcium and phospho-
rus, although the MTA is mainly composed of Ca and Si.
Research on the effect of pulpotomy and five different 
agents done by Shayegan et al. [6] on deciduous swine 
teeth have shown significant advantages of MTA in relation 
to inflammation, calcified bridge formation and protec-
tion of the remaining tooth pulp from Formocresol (FC), 
a compound that contains formaldehyde, cresol, glycerin, 
water and ferric sulphate. Histological studies of pulpot-
omy in permanent teeth of rats and mice, which compared 
MTA, PC, Ca(OH)2, bioactive glass and fero sulfate, have 
shown similar results for the MTA and PC. Similar studies 
on maxillary molars of rats have shown that after pulpot-
omy using MTA, the complete dentin bridge was observed 
after four weeks only. When pulpotomy was performed on 
dog teeth using MTA, hard bone tissue without necrosis 
of the pulp was formed after 120 days [7]. In comparison 
to Ca(OH)2, when MTA was used the loss of healthy tissue 
of the pulp was less. It was attributed to higher initial pH 
values, and poor sealing of the pulp with products based 
on calcium hydroxide. The absence of hard barriers below 
the Ca(OH)2 was observed as well as a discrete inflamma-
tory response of pulpal tissue.
SEM investigation and analysis using X-rays showed 
that the calcified material under the MTA was more tubu-
lar than below calcium hydroxide and AEDB [3, 4, 5, 8].
MTA AS MATERIAL FOR RETROGRADE FILLING 
OF THE ROOT CANAL
The first study in which MTA was used as material for 
retrograde filling of root canals in dogs was performed by 
Torabinejad et al. [9]. He showed that MTA promoted the 
formation of cement in 23% of the samples after 2-5 weeks, 
and in more than 80% of cases formation of cement was 
observed 10-18 weeks after periapical surgery. In contrast, 
no retrograde filling with amalgam showed the deposi-
tion of cement. Comparing MTA with amalgam and Super 
EBA (Super EBA is cement based on zinc oxide-eugenol, 
which is composed of 32% eugenol and 68% ethoxy benzoil 
acid), it was found that MTA showed better results from 
the standpoint of polymorphonuclear infiltration, bone 
maturation and the formation of cement [7, 10].
In contrast to these histological findings, Bernabe et 
al. [11] showed no significant differences between used 
materials 180 days after surgery in non vital teeth. In addi-
tion, ZOE (zinc oxide-eugenol) had a significant negative 
impact on the apical healing as compared to the other 
tested materials. MTA is the only proven for hard tissue 
deposition in direct contact with the material for root 
canal filling [12].
MTA AS THE MATERIAL FOR THE TREATMENT 
OF LATERAL PERFORATION
Pitt Ford et al. [13] first used MTA in the treatment of 
lateral perforation. In these studies it was shown that, 
unlike the amalgam, the cement was formed under the MTA 
in majority of treated teeth. It was noted that untreated 
perforations became contaminated and the effect of MTA 
was significantly reduced. Compared with Super EBA, 
where there was no formation of cement even after six 
months, in all samples done with MTA, the formation 
of cement was observed. The study of Noetzel et al. [14] 
demonstrated similar results. When MTA was compared 
to tricalcium phosphate cements, it was observed that 
MTA showed significantly less inflammation and more 
bone formation [9, 11].
Based on numerous studies where MTA was compared 
to other materials for the repair of perforations, it was 
confirmed that MTA provides the best histological results. 
Results of MTA were significantly better as compared 
to Sealapex. In samples with MTA after 180 days the 
formation of cement and no signs of inflammation were 
observed [9, 11].
MTA AS AN APICAL BARRIER IN TEETH WITH 
NECROTIC PULP AND IMMATURE ROOTS
Shabahang et al. [15] in their studies on dog teeth with 
immature roots caused periapical lesions and then used 
osteogenic protein-1, MTA and Ca(OH)2 as an apical 
barrier. Teeth with MTA showed a higher prevalence of 
apical closure and significantly less inflammation than the 
other two groups. On the other hand, in experiments on 
monkey’s teeth with infected root canal and open apex, 
significant benefit of MTA was observed as compared to 
Ca(OH)2. After 90 days of obturation, canals filled with 
MTA had higher amounts of hard tissue formed and the 
least inflammation. Results of Felippe et al. [16] in simi-
lar studies, have revealed that MTA and Ca(OH)2 did not 
show major differences in teeth with immature root and 
infected and non infected canals, from the standpoint 
of the apical barrier formation, bone resorption or the 
presence of microorganisms. These studies have shown 
that MTA can be used as an apical barrier in teeth with 
necrotic pulp and open apex without prior treatment with 
Ca(OH)2 [13, 14, 15, 17].
MTA AS POTENTIAL MATERIAL FOR 
ROOT CANAL OBTURATION
Holland et al. [18] compared MTA as the material for root 
canal obturation with root canal sealers based on GIC 
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after obturation with MTA the main root canal closed, the 
formation of new cementum and the absence of inflam-
matory cells. In contrast, GIC caused just a partial closure 
of the main root canal and a mild inflammatory reaction 
around the root tip. The authors also explored the impact 
of quality of obturation and the response of apical and peri-
apical tissue after root canal obturation with MTA. Studies 
have shown that MTA can be used for obturation, but over-
filling can have harmful effects on periapical tissue [16].
ANIMAL STUDIES ON OTHER TYPES OF MTA
Angelus MTA (AMTA) is another type of MTA and consists 
of SiO2, K2O, Al2O3, Na2O, Fe2O3, SO3, CaO, MgO and 
Bi2O3. Comparing the effects of MTA and AMTA used for 
pulpotomy in dog teeth, the formation of calcified bridge 
was evident in both materials. However, in comparison to 
Ca(OH)2, after 180 days the difference was not significant. 
Holland et al. [18] used MTA mixture with polypropylene 
or distilled water as material for root canal obturation in 
dogs. The effect of overfilling of the root canals was also 
examined. Both compounds showed similar biological 
response but better results were observed in root canals 
obturated with MTA. Bortoluzzi et al. [19] compared the 
mixtures of MTA powder with 10% CaCl2 or distilled water 
used in pulpotomy in dog teeth. After 90 days both mate-
rials showed satisfying results on hard tissue formation, 
but also moderate chronic inflammation and angioblas-
tic proliferation [16].
CLINICAL APPLICATION OF MTA
Clinical trials are of great importance for the evaluation 
of material effectiveness and suitability for the application 
in clinical practice. MTA is a material of choice for retro-
grade obturation of the root canal, pulp capping, pulp-
otomy, formation of apical barrier in teeth with necrotic 
pulp and open apex, perforation therapy and apexification. 
Several papers studied the use of MTA as pulp capping 
material and confirmed its effectiveness in the treatment 
of pulpotomy [18, 20].
In a series of clinical studies it has been shown that 
MTA could be successfully applied for pulp capping in 
deciduous molars (radiographic success after 24 months 
was observed after use of MTA and Ca(OH)2). The applica-
tion of MTA in pulpotomy was more efficient as compared 
to Formocresol (FC) or Formocresol mixed with ZnO and 
eugenol and application of diodes laser. After 12 months 
the clinical, radiographic and histological studies have 
shown the superiority of MTA as compared to FC.
In their clinical report O’Sullivan and Hartwell [21] 
confirmed the efficacy of MTA as material for obtura-
tion in primary molars. Ex vivo study was performed 
using third molars with immature root apex embed-
ded in cell culture medium immediately after extrac-
tion. They covered exposed pulp with MTA or Ca(OH)2. 
Immunohistochemical analysis of pulp capped with MTA 
showed mineralization in just one day, while with Ca(OH)2 
mineralization was not registered. However, after 14 and 
28 days in both groups of materials similar degree of 
mineralization was detected [20, 21, 22].
In the study on 14 intact human third maxillary molars 
(which required extraction) the pulp was exposed and 
capped with MTA or Ca(OH)2. Histological analysis of 
teeth in different time intervals showed the formation 
of dental bridge and mild chronic inflammation in two 
months. Samples with Ca(OH)2 showed the presence of 
irregular and thin dentinal bridges with associated necro-
sis, hyperemia and inflammation after three months. The 
authors concluded that in the treatment of mechanically 
exposed pulp, MTA was more successful material than 
Ca(OH)2. Clinical research on human third molars with-
out caries related to MTA and Ca(OH)2 showed signifi-
cant differences in clinical symptoms, surface and depth 
of inflammatory cells, pulp vitality and the formation of 
dentin bridge. Molars that had reversible pulpitis and were 
treated with MTA showed the treatment success in 93% of 
cases after 24 months. All samples where MTA was used 
showed dentin bridge formation while the formation of 
dentin bridge after capping with Ca(OH)2 occurred in 60% 
of cases only. Histological analysis showed that in MTA 
samples after one week no inflammation was detected 
and after one month hard tissue was fully formed. Tissue 
under Ca(OH)2 was less consistent, firm and with incom-
plete calcified bridge with acute inflammation even after 
three months [23-26].
In all studies when Ca(OH)2 was used as pulp capping 
material more serious inflammation was detected as 
compared to MTA. Qudeimat et al. [27] studied the 
effect of material on 28 teeth with caries. The procedure 
consisted of caries removal and 2-4 mm of the pulp from 
the root canal and capping the pulp with MTA. Normal 
response to vitality tests had 79% of the teeth [23-26]. Out 
of 23 symptomatic teeth obturated with MTA constant 
pain was registered in one single case. Therefore, the use 
of MTA in pulpotomy of permanent teeth is justified.
In the review paper where the concept of modern 
endodontic surgery was presented, Kim and Kratchman 
[28] showed that MTA is the most compatible material for 
retrograde root canal obturation and can be recommended 
as high-quality option in endodontic surgery. An inter-
esting approach is provided by one study that combined 
endodontic and periodontal treatment approach using 
MTA. In the study done on 276 teeth with retrograde obtu-
ration using MTA, Saunders [29] demonstrated clinical 
and radiographic success in 88.8% of cases after 4-72 
months.
Meta analysis of 30 papers published in recent years 
indicates great clinical success of MTA, which provided 
good sealing, superior biocompatibility and was the 
only material for retrograde filling of the root canals (as 
compared to amalgam, zinc oxide-eugenol (IRM) and 
Super-EBA) which stimulated the tissue regeneration. In 
addition some studies showed that MTA can be used in 
the treatment of lateral perforations [26, 30, 31, 32].
During the period of 6-12 months, lateral perforation 
in 82% of the cases was successfully healed after applica-
tion of MTA.100 Jokanović V. et al. Mineral Trioxide Aggregate as Material of Choice in Endodontic Therapy
In order to prevent extrusion, as one of the disadvan-
tages of MTA, some authors proposed the addition of 
collagen. Treatment of the teeth with immature root apex 
and necrotic pulp is a particular challenge for a dental 
practitioner. Formation of apical barrier with MTA is 
much faster than with Ca(OH)2. The application of MTA 
increased the success of necrotic pulp treatment with 
immature roots significantly (in 81-94.1% of cases). The 
success of the treatment was not influenced by age, gender, 
initial pre-treatment, the presence of lesion and time after 
the treatment completition [32, 33].
Statistics show that 86.3% of pediatric specialists think 
that the treatment of incisors with immature roots and 
necrotic pulp with MTA is acceptable method because it 
provides the regenerative potential to the pulp.
In several clinical studies in deciduous and permanent 
teeth, a successful surgical and conservative treatment of 
teeth with external and internal resorption using MTA 
was registered. MTA was proved successful in the treat-
ment of lateral perforation, horizontal root fracture, root 
canal obturation, treatment of teeth with immature roots 
and treatment of internal and external root resorption 
etc. [26, 30-33].
THE MECHANISM OF ACTION OF MTA
One of the characteristics of bioactive materials is ability 
to form the structure similar to apatite on their surface 
when they come in contact with physiological fluids in 
vivo or with simulated body fluids in vitro. The formation 
of apatite is a common feature of biomaterials containing 
calcium silicate. MTA is bioactive material which consists 
mainly of calcium and the silicate. Research shows that 
it has conductive and inductive properties on the forma-
tion of hard tissue. At the same time, numerous stud-
ies show the release of different ions from the MTA in a 
liquid medium.
Sarkar et al. [34] obturated root canals with MTA and 
kept them in PBS for two months with constant moni-
toring of released ions Ca, Si, Bi, Fe, Al and Mg. Optical 
and SEM microscopy of root resection showed the pres-
ence of layer between the MTA and root canal walls. This 
structure was analyzed with EDS and revealed that this 
layer consisted of atoms of Ca, P and O and it was very 
similar to hydroxyapatite. The authors believe that the 
HA may continuously release Ca ions and PO4
3- similarly 
to the process characteristic for bone metabolism. This 
phenomenon also increases the sealing ability of MTA 
and enhances regeneration and remineralization of hard 
tissues. These results suggested that biocompatibility, seal-
ing ability of MTA as well as dentogenic activity are the 
consequences of physicochemical reactions between MTA 
and body fluids during the formation of hydroxyapatite 
[35, 36].
Many animal studies have confirmed that hard struc-
ture formed on the interface of the pulp and MTA, is in 
fact the component of hydroxyapatite. Small amount of Si 
and P was found in MTA crystals. The porosity of MTA is 
a potential drawback of MTA and can lead to the penetra-
tion of bacteria and their metabolic products. The forma-
tion of this layer provides chemical bond of MTA to dentin 
wall and could be a key feature of this material. Current 
studies show that carbonated hydroxyapatite formed from 
MTA also exhibit bioactivity of MTA. Carbonate hydroxy-
apatite is the mineral phase of hard tissues such as bone, 
cementum and dentin and is known as biological apatite. 
Hydroxyapatite is formed on MTA after one hour only and 
MTA is completely covered after five days.
According to studies, the formation of crystals within 
the collagen fiber promotes the reaction between MTA 
and dentin by forming the appropriate chemical bond. 
The concentration of growth factors also plays a signifi-
cant role in the formation of hard tissue. For example, high 
concentrations of TGF-β1 cause apoptosis and reduction 
of dentin fosfosialoprotein rather than to have a positive 
effect on healing tissue. Some researchers assume that the 
production of TGF-β1 is a positive effect of bioactive mate-
Figure 1. Vital pulp tissue and newly formed hard tissue which obli-
terates the root canal after use of MTA for pulpotomy in canine in 
the upper jaw (magnification 10/0.25, 160%)
Slika 1. Vitalno pulpno tkivo i novoformirano tvrdo tkivo posle 
pulpotomije očnjaka sa MTA u gornjoj vilici koje obliteriše kanal 
korena zuba (uvećanje 10/0.25; 160%)
Figure 2. Thick dentinal bridge of irregular structure after use of 
MTA for pulpotomy in canine in the upper jaw: a) soft-tissue inclu-
sions and defects in the form of tubules; b) calcichromatic line on 
the border between two periods of reparative dentin formation; c) 
osteoid-like formation within the root canal (original magnificati-
on 100/0.25, 160/0.17)
Slika 2. Debeo dentinski most nepravilne strukture posle MTA 
pulpotomije očnjaka u gornjoj vilici: a) inkluzije i oštećenja mekog 
tkiva u obliku kanalića; b) kalciohromatična liniji na granici dva pe-
rioda stvaranja reparativnog dentina; c) formacija nalik osteoidu 
unutar kanala korena zuba (originalno uveličanje 100/0.25, 160/0.17)101 Stomatološki glasnik Srbije. 2011;58(2):97-107
rials on surrounding cell culture. However, production of 
signaling molecules and ions should have an acceptable 
concentration in order to accelerate the cell viability and 
proliferation. Although the formation of hydroxyapatite 
is desirable and it is a sign of biocompatibility of mate-
rials, hydroxyapatite can sometimes cause cell death and 
slow down the cell proliferation if the concentration of 
Ca-P particles is high.
High concentration can influence osteoblastic activity. 
Zhao et al. [37] confirmed that the quantity of extracts 
from calcium silicate bioactive material should be at a 
desired concentration in order to accelerate the prolifer-
ation of cells. Some studies showed that direct applica-
tion of MTA on pulp tissue caused proliferation, migra-
tion and differentiation of odontoblastic cells to produce 
collagen matrix. The matrix was mineralized and created 
osteodentin first while several months after pulp capping 
the bridge of tertiary dentin was formed (Figures 1 and 2). 
Mechanism of action of MTA is very similar to the effects 
of Ca(OH)2 after pulp capping [35, 36].
Thomson et al. [38] have shown that MTA releases a 
variety of signaling molecules from dentin powder, which 
also have an impact on the quality and speed of calcifica-
tion of the bridge during its formation. Rapid bactericidal 
effect on Enterococcus faecalis was confirmed in some 
studies where the dentin powder was mixed with MTA 
powder. Cement-conductive and cement-inductive effect 
of MTA was also confirmed even with low concentration 
of material (20 mg/mL). Some studies showed that after 
surgical curettage of central giant cell granulomas MTA 
is acting as a catalyst when empty space after removing 
the granulomas is filled with this material. It also shows 
osteoconductive and osteoinductive effects and enhances 
the formation of bone in the tumor, even the suppresive 
effect on tumor recurrence is speculated [35, 36].
Based on available information, MTA is bioactive mate-
rial which can create an ideal environment for healing 
surrounding tissue. In contact with human tissue, this 
material causes a series of processes such as: 1) formation 
of Ca(OH)2, which releases Ca2+ ions for cellular adhe-
sion and proliferation; 2) antibacterial effect with its alka-
line pH; 3) modulation of cytokine production; 4) boost-
ing differentiation and migration of cells that produce 
hard tissues; 5) formation of hydroxyapatite (or carbon-
ate apatite) on the surface of MTA, which allows its biolog-
ical closure.
DISADVANTAGES OF MTA
The main disadvantage of MTA is related to its color, the 
presence of toxic elements in the composition, the diffi-
culty of maintaining material properties over time, long 
time for networking, high cost, the absence of solvent 
for these materials and the difficulty of its removal after 
crosslinking.
Fe and Mn ions are responsible for the effects of stain-
ing. In addition, MTA also contain toxic elements such 
as Arsen (As), which is released very slowly. The pres-
ence of ferric oxide stabilizes As in MTA. Therefore, a 
small amount of ferric oxide is added to MTA in order to 
increase its insolubility and to control the kinetics of As 
release in tissue fluids, where it can become potentially 
toxic. Solubility of some Portland cements and the release 
of As from such materials makes them problematic for 
application [39]. MTA can be used as an alternative to 
gutta-percha for root canal obturation. The disadvantages 
are possible staining by MTA and long-time of network-
ing. The high price of MTA and instruments required for 
the formation of apical barrier in teeth with necrotic pulp 
and immature roots as well as the handling problems are 
also significant disadvantages of this material. Long-time 
networking is one of the reasons that affect the use of this 
material. Also, none additive can cause faster networking 
of MTA. MTA also cannot be easily removed from the root 
canal when used as apical barrier or as material for root 
canal obturation. Efforts to overcome these problems by 
addition or removal of certain components influence the 
characteristics of MTA also, which makes improving the 
recipe for MTA very delicate [34, 39].
CONCLUSION
Based on numerous in vivo and in vitro studies it can be 
concluded that MTA is the material of choice for many 
indications in endodontics. This is primarily material for 
retrograde root canal obturation, root perforation, apical 
barrier forming in teeth with necrotic pulp and open apex, 
direct pulp capping and pulpotomy.
In all cases, it is confirmed that MTA quickly directs 
to the formation of hard tissue bridge.
Research related to the deposition of osteodentin, cell 
proliferation and the appearance of the immunoreactive 
odontoblast-like cells has shown that a thin layer of necro-
sis with inflammatory cells is formed first, around blood 
vessels of the pulp beneath the MTA. This necrotic layer 
is observed immediately after application (in some stud-
ies it was registered after one day) and after a few days the 
formation of calcified dentin bridge occurred.
Current research on materials designed for potential 
application in endodontics in several research groups 
suggests the potential of some new original recipes but 
also needs to confirm their superiority to MTA. Current 
studies that included cell lines and animals made us to 
believe that new materials with their characteristics could 
be comparable to MTA.
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UVOD
Mi ne ral tri ok sid-agre gat (MTA) je ma te ri jal ko ji ima ši ro ke in-
di ka ci je u en do don ci ji. Ko ri sti se u le če nju raz li či tih per fo ra ci-
ja  ka na la  ko re na,  kod  pul po to mi ja  i  pre kri va nja  vi tal ne  pul pe, 
kao  apek sna  ba ri je ra  kod  zu ba  s  ne kro tič nom  pul pom  i  otvo-
re nim  apek som  ko re na.  MTA  u  kon tak tu  sa  si mu li ra nim  te le-
snim teč no sti ma do vo di do stva ra nja hi drok si a pa tit nih kri sta-
la, što je osnov za for mi ra nje kal ci fi ko va nih struk tu ra pri li kom 
pri me ne  ovog  ma te ri ja la  [1,  2].
MTA je raz vi jen kao ma te ri jal za pre kri va nje pul pe, kao sred-
stvo  ko je  se  ko ri sti  kod  pul po to mi ja,  od no sno  kao  ma te ri jal  za 
stva ra nje  apek sne  ba ri je re  kod  zu ba  sa  ne za vr še nim  ra stom 
ko re na, i kao ma te ri jal za re tro grad no pu nje nje ka na la ko re na. 
Stu di je  na  eks pe ri men tal nim  ži vo ti nja ma  (mo del  mleč nih  zu-
ba  svi nje)  u  ko ji ma  je  is pi tan  tret man  vi tal ne  pul pe  u  ko ji ma 
su ko ri šće ni MTA, be ta-tri kal ci jum-fos fat i „por tland” ce ment 
po ka za le  su  da  ne ma  zna čaj ni jih  raz li ka  u  od go vo ru  pul pe  na 
pri me nu  ovih  ma te ri ja la.
Kod stal nih zu ba ra đe na su broj na is tra ži va nja di rekt nog pre-
kri va nja pul pe sa ci ljem da se pro ce ne for mi ra nje, kva li tet i de-
blji na kal ci fi ko va nog mo sta, za stu plje nost in fla ma tor nih će li ja 
i efi ka snost za šti te pul pe, kao bit nih kri te ri ju ma za pro ce nu vi-
tal no sti pul pe po sle te ra pi je. Hi sto lo ška is tra ži va nja u ko jim su 
po re đe ni  MTA  i  kal ci jum-hi drok sid  (Ca(OH)2),  kao  ma te ri ja li 
za  di rekt no  pre kri va nje  pul pe,  uka za la  su  na  bit ne  raz li ke.  Na-
kon  pri me ne  MTA  po ja va  kal ci fi ko va nog  mo sta  je  uoče na  već 
na kon pr ve ne de lje. Pul pa ni je bi la upa lje na i u svim slu ča je vi-
ma  je  po sle  pet  me se ci  do šlo  do  stva ra nja  kal ci fi ko va nog  mo-
sta.  Na su prot  to me,  kod  pul pi  pre kri ve nih  sa  Ca(OH)2 uoče  ni 
su  za pa lje nje  i  zna ča j no  ma nji  ste pen  for mi ra nja  kal ci fi ko va-
nog  mo sta.  U  eks pe ri men ti ma  na  psi ma  utvr đe no  je  da  po sle 
pre kri va nja  pul pe  sa  MTA  do la zi  do  stva ra nja  oste o den tin ske 
struk tu re po sle sa mo dve ne de lje. Na sta ja nje ovog mo sta od vi ja 
se u dve fa ze. To kom pr ve dve ne de lje for mi ra se ma tri ca oste-
o den ti na,  da  bi  se  po sle  tri  ne de lje  stvo rio  kom ple tan  sloj  re-
pa ra tiv nog  den ti na.  U  dru gim  is tra ži va nji ma  na  zu bi ma  pa sa 
bo lji re zul ta ti su do bi je ni na kon pre kri va nja pul pe, MTA u od-
no su  na  pre pa ra te  na  ba zi  Ca(OH)2 [1, 2]. 
U  stu di ji  na  mak si lar nim  mo la ri ma  mi ša  An de lin  (An de-
lin)  i  sa rad ni ci  [3]  su  upo re đi va li  MTA  sa  ko šta nim  mor fo ge-
net skim  pro te i nom  -7  (BMP-7)  kao  ma te ri ja lom  za  pre kri va-
nje pul pe. Uzor ci su imu no hi sto me trij ski bo je ni, ka ko bi se pre-
po znao den tin ski si ja lo pro tein (DSP) mar ke rom za funk ci o nal-
ne  odon to bla ste.  Po sle  dve  ne de lje  kod  svih  zu ba  pre kri ve nih 
sa MTA uoče  no je stva  ra  nje tvr  dog tki  va ko  je je bi  lo vr  lo slič-
no  ter ci jar nom  den ti nu.
Po re đe nja  bi o lo škog  od go vo ra  tki va  pul pe  pre kri ve ne  sa 
Ca(OH)2 i МТА uka  zu  ju na su  per  i  or  nost МТА, jer se stva  ra 
most  tvr dog  tki va  ko ji  spre ča va  iri ta ci ju  pul pe.  Re zul ta ti  is tra-
ži va nja  de po zi ci je  oste o den ti na,  će lij ske  pro li fe ra ci je  i  iz gle da 
imu no re ak tiv nih  će li ja  slič nih  odon to bla sti ma  po ka zu ju  da  se 
pr vo for mi ra tan ki ne kro tič ni sloj s in fla ma tor nim će li ja ma (po-
sle pr vog da na), a za tim, po sle se dam da na, do la zi do stva ra nja 
kal ci fi ko va nog  mo sta.  Dru ga  stu di ja  na  mak si lar nim  mo la ri-
ma mi ša uka za la je na po sto ja nje kal ci fi ko va nog mo sta u svim 
uzor ci ma pet sa ti po sle pre kri va nja pul pe. Kod me ha nič ki eks-
po ni ra nih  pul pi  pa co va  s  hi per gli ke mi jom  uoče ni  su  ve ći  ste-
pen  za pa lje nja  i  spo ri je  for mi ra nje  den tin skog  mo sta  u  od no-
su na nor mal ne pa co ve na kon pre kri va nja pul pe sa MTA. SEM 
i  TEM  stu di je  na  psi ma  su  ta ko đe  ja sno  uka za le  na  for mi ra nje 
kri stal ne struk tu re ne de lju da na po sle pre kri va nja pul pe [4, 5].
Ko ri ste ći EDS ana li zu is tra ži va či su utvr di li da se is pod MTA 
na la zi ma nja ko li či na kal ci ju ma ne go u pret hod no for mi ra nom 
or to den ti nu. Ova is tra ži va nja po ka zu ju da se kal ci fi ko va ni most 
uglav nom sa sto ji od kal ci ju ma i fos fo ra, iako je MTA uglav nom 
sa sta vljen  od  kal ci ju ma  i  si li ci ju ma.
Is tra ži va nja efe ka ta pul po to mi je i pri me ne pet raz li či tih agen-
sa ko je su iz ve li Še je gan (Shayegan) i sa rad ni ci [6] na mleč nim 
zu bi ma svi nje po ka za la su zna čaj ne pred no sti MTA sa sta no vi-
šta in fla ma ci je, for mi ra nja kal ci fi ko va nog mo sta i za šti te pre o-
sta le zub ne pul pe u od no su na for mo kre zol (FC), je di nje nje ko-
je  sa dr ži  for mal de hid,  kre zol,  gli ce rin,  vo du  i  fe ri sul fat.  Hi sto-
lo ške  stu di je  pul po to mi ja  na  stal nim  zu bi ma  pa co va  i  mi še va, 
KRATAK SADRŽAJ
M i  n e  r a l   t r i  o k  s i d -a g r e  g a t   (MTA)   j e   m a  t e  r i  j a l   ko  j i   i m a   š i  r o  k e   i n  d i  k a  c i  j e   u   e n  d o  d o n  c i  j i .   D a  n a s   s e   ko  r i  s t i   ko d  pre kri va nja  vi tal ne  pul pe 
i  pul po to mi je,  kao  apek sna  ba ri je ra  kod  zu ba  s  ne kro tič nom  pul pom  i  otvo re nim  apek som  ko re na,  od no sno  u  le če nju  raz li či tih 
p e r  f o  r a  c i  j a   k a  n a  l a   ko  r e  n a .   P o  r e  đ e  n j a   b i  o  l o  š ko g   o d  g o  v o  r a   t k i  v a   p u l  p e   p r e  k r i  v e  n e   k a l  c i  j u m - h i  d r o k  s i  d o m   i MTA uka  zu  ju na su  per  i-
o r  n o s t  MTA ,  j e r  s e  f o r  m i  r a  m o s t  t v r  d o g  t k i  v a  ko  j i  s p r e  č a v a  i r i  t a  c i  j u  p u l  p e .  H i  s t o  l o  š k e  s t u  d i  j e  p u l  p o  t o  m i  j a  n a  z u  b i  m a  p a  s a  p o  k a  z a -
le  su  da  se  is pod  MTA  stva ra  tvr do  ko šta no  tki vo  bez  ne kro ze  po sle  120  da na.  MTA  je  ta ko đe  ma te ri jal  iz bo ra  za  re tro grad no  pu-
n j e  n j e   k a  n a  l a   ko  r e  n a ,   o d  n o  s n o   z a   t e  r a  p i  j u   l a  t e  r a l  n i h   p e r  f o  r a  c i  j a .   M e  t a  a  n a  l i  z a   p u  b l i  ko  v a  n i h   r a  d o  v a   o   MTA   p o  s l e d  n j i h   g o  d i  n a   u k a -
z u  j e   n a   v e  l i  k i   k l i  n i č  k i   u s p e h   o v o g   m a  t e  r i  j a  l a ,   ko  j i   o b e z  b e  đ u  j e   d o  b r o   z a p  t i  v a  n j e ,   p o  k a  z u  j e   s u  p e r  i  o r  n u   b i  o  ko m  p a  t i  b i l  n o s t   i   j e  d i  n i   j e  
m a  t e  r i  j a l  z a  r e  t r o  g r a d  n o  p u  n j e  n j e  k a  n a  l a  ko  r e  n a  z u  b a  ko  j i  p o  s p e  š u  j e  r e  g e  n e  r a  c i  j u  t k i  v a .  I s  t r a  ž i  v a  n j a  t a  ko  đ e  p o  k a  z u  j u  d a  MTA  i m a  
in duk tiv na  i  kon duk tiv na  svoj stva  za  for mi ra nje  tvr dog  tki va,  kao  i  oso bi nu  ot pu šta nja  raz li či tih  jo na  ka da se na  la  zi u teč  noj sre-
di ni. Glav ni ne do sta tak MTA je u ve zi sa bo jom zbog pri su stva gvo žđa i man ga na, sa te ško ća ma odr ža va nja oso bi  n a  m a  t e  r i  j a  l a  t o -
kom  vre me na,  sa  iz o stan kom  ras tva ra ča  za  ovaj  ma te ri jal  i  sa  te ško ća ma  nje go vog  ukla nja nja  po sle  umre ža va nja.
Ključ ne  re či:  m i  n e  r a l   t r i  o k  s i d -a g r e  g a t   (MTA) ;   d i  r e k t  n o   p r e  k r i  v a  nje  pul pe;  re tro grad na  hi rur gi ja;  kli nič ka  pri me na104 Jokanović V. et al. Mineral Trioxide Aggregate as Material of Choice in Endodontic Therapy
u ko  ji  ma su po  re  đe  ni MTA, PC, Ca(OH)2,  bi o ak tiv no  sta klo  i 
fe ri sul fat,  po ka za le  su  slič ne  re zul ta te  za  MTA  i  PC.  Slič na  is-
tra ži va nja  na  mak si lar nim  mo la ri ma  pa co va  uka za la  su  na  to 
da  se  kod  pul po to mi ja  pre kri ve nih  sa  MTA  for mi ra nje  pot pu-
nog den tin skog mo sta uoča va već po sle če ti ri ne de lje. Kod pul-
po to mi ja na zu bi ma pa sa is pod MTA je for mi ra no tvr do ko šta-
no tki vo bez ne kro ze pul pe po sle 120 da na [7]. U po re đe nju sa 
Ca(OH)2, kod MTA je uočen mno go ma nji gu bi tak zdra vog tki-
va pul pe, što se pri pi su je ve ćim po čet nim vred no sti ma pH, od-
no sno lo ši jim zap ti va njem pul pe pre pa ra ti ma na ba zi Ca(OH)2. 
Is pod Ca(OH)2 su uoče ni iz o sta nak tvr de ba ri je re i bla go za pa-
lje nje  pulp nog  tki va.
SEM is tra ži va nja i ana li za po mo ću rend gen skih zra ka po ka-
za la su da je kal ci fi ko va na ba ri je ra is pod MTA tu bu lar ni je gra-
đe ne  go is  pod Ca(OH)2 i AEDB [3, 4, 5, 8].
MTA KAO MATERIJAL ZA RETROGRADNO PUNJENJE 
KANALA KORENA ZUBA
Pr vo is tra ži va nje u ko jem je MTA ko ri šćen kao ma te ri jal za re-
tro grad no  pu nje nje  ka na la  ko re na  zu ba  kod  pa sa  iz ve li  su  To-
ra bi ne džad  (To ra bi ne  j ad ) i sa  rad  ni  ci [9]. Oni su po  ka  za  li da 
MTA  po spe šu je  stva ra nje  ce men ta  u  23%  is pi ti va nih  uzo ra-
ka na  kon 2-5 ne  de  lja, a u vi  še od 80% slu  ča  je  va for  mi  ra  nje ce-
men ta  je  uoče no  10-18  ne de lja  na kon  pe ri a pek snog  hi rur škog 
le če nja.  Na su prot  to me,  ni jed no  re tro grad no  pu nje nje  amal-
ga mom  ni je  po ka za lo  de po zi ci ju  ce men ta.  Po re đe njem  MTA  s 
amal ga mom Su perEBA (Su perEBA je ce ment na ba zi cink-ok-
sid euge no la, ko ji se sa sto ji od 32% euge no la i 68% etok si-ben-
zol ne  ki se li ne)  utvr đe no  je  da  MTA  po ka zu je  bo lje  re zul ta te  u 
po gle du po li mor fo nu kle ar ne in fil tra ci je, sa zre va nja ko sti i for-
mi ra nja  ce men ta  [7,  10].
Na su prot ovim hi sto lo škim na la zi ma, Ber na bi (Ber na be) i sa-
rad ni ci [11] su usta no vi li be zna čaj nu raz li ku iz me đu ko ri šće nih 
ma te ri ja la 180 da na po sle hi rur škog za hva ta na avi tal nim zu bi-
ma. Pri to me, ZOE (cink-ok sid euge nol) je imao zna čaj no lo ši-
ji uti caj na apek sno za ce lji va nje ne go dru gi is pi ti va ni ma te ri ja-
li.  MTA  je  je di ni  po ka zao  de po zi ci ju  tvr dog  tki va  u  di rekt nom 
kon tak tu  s  ma te ri ja lom  za  pu nje nje  ka na la  ko re na  zu ba  [12].
MTA KAO MATERIJAL ZA TERAPIJU LATERALNIH 
PERFORACIJA
Ford (Ford) i sa  rad  ni  ci [13] su pr  vi ko  ri  sti  li MTA u le  če  nju od 
la te ral nih  per fo ra ci ja.  Po ka za li  su  da  je,  za  raz li ku  od  amal ga-
ma, is pod MTA kod ve ći ne tre ti ra nih zu ba do šlo do for mi ra nja 
ce men ta. Uoče no je ta ko đe da kod ne le če nih per fo ra ci ja do la zi 
do  kon ta mi na ci je  i  da  je  ta da  efe kat  MTA  znat no  usma njen.  U 
po re đe nju sa Su perEBA, gde ni je do šlo do stva ra nja ce men ta ni 
po sle šest me se ci, u svim uzor ci ma sa MTA za pa že no je for mi-
ra nje  ce men ta.  U  stu di ji  Ne ce la  (No et zel) i sa  rad  ni  ka [14] do-
bi jen  je  sli čan  re zul tat.  Pri  po re đe nju  MTA  sa  tri kal ci jum-fos-
fat nim  ce men ti ma  uoče no  je  da  MTA  po ka zu je  znat no  ma nju 
in fla ma ci ju  i  bo lje  for mi ra nje  ko sti  [9,  11].
Na  osno vu  ve li kog  bro ja  is tra ži va nja  u  ko ji ma  je  MTA  po-
re đen sa dru gim ma te ri ja li ma za re pa ra ci ju per fo ra ci ja, po tvr-
đe no  je  da  MTA  da je  naj bo lje  hi sto lo ške  re zul ta te.  Re zul ta ti  sa 
MTA su bi  li znat  no bo  lji u po  re  đe  nju sa sil  pek  som (Se al pex). 
Kod uzo  ra  ka sa MTA po  sle 180 da  na do  šlo je do stva  ra  nja ce-
men ta  i  ni je  bi lo  zna ko va  za pa lje nja  [9,  11].
MTA KAO APEKSNA BARIJERA ZUBA S 
NEKROTIČNOM PULPOM I NEZAVRŠENIM 
RASTOM KORENA
Ša ba hang  (Sha ba hang) i sa  rad  ni  ci [15] su u svo  jim is  tra  ži  va-
nji ma  na  zu bi ma  pa sa  s  ne za vr še nim  ra stom  ko re na  iza zva-
li  pe ra pek sne  le zi je  i  za tim  ko ri sti li  oste o ge ni  pro tein  1,  MTA 
i Ca(OH)2 kao apek  snu ba  ri  je  ru. Kod zu  ba sa MTA uoče  ni su 
ve ća  uče sta lost  apek snog  za tva ra nja  i  znat no  sla bi je  za pa lje-
nje ne go kod dru ge dve gru pe. S dru ge stra ne, u eks pe ri men tu 
na  zu bi ma  maj mu na  s  in fi ci ra nim  ka na lom  ko re na  i  otvo re-
nim  apek som  za pa že ne  su  zna čaj ne  pred no sti  MTA  u  od no su 
na Ca(OH)2.  Po sle  90  da na  od  op tu ra ci je,  ka na li  is pu nje ni  sa 
MTA su ima li ve će ko li či ne tvr do for mi ra nog tki va i naj sla bi je 
za pa lje nje.  Re zul ta ti  Fe li pea  (Fe lip pe) i sa  rad  ni  ka [16] u slič-
nim is tra ži va nji ma po ka za li su da iz me đu MTA i Ca(OH)2 ne-
ma  ve li ke  raz li ke  kod  zu ba  s  ne za vr še nim  ra stom  i  in fla mi ra-
nim,  od no sno  ne in fla mi ra nim  ka na li ma,  u  po gle du  for mi ra-
nja  apek sne  ba ri je re,  ko šta ne  re sorp ci je  za stu plje no sti  mi kro-
or ga ni za ma.  Ova kve  stu di je  su  po ka za le  da  se  MTA  mo že  ko-
ri sti ti  kao  apek sna  ba ri je ra  i  kod  zu ba  s  ne kro tič nom  pul pom 
i  otvo re nim  apek som  bez  pret hod nog  tret ma na  sa  Ca(OH)2 
[13, 14, 15, 17].
MTA KAO MATERIJAL ZA OPTURACIJU KANALA 
KORENA ZUBA
Ho land  (Hol land)  i  sa rad ni ci  [18]  su  upo re đi va li  gla sjo no mer-
ce ment (GJC) za op tu ra ci ju ka na la (Ke tac-En do) sa MTA na zu-
bi ma  pa sa.  Re zul ta ti  nji ho vog  is tra ži va nja  su  po ka za li  da  šest 
me se ci po sle op tu ra ci je ka na la sa MTA do la zi do kon zi stent nog 
za tva ra nja glav nog ka na la, stva ra nja no vog ce men ta i iz o stan ka 
in fla ma tor nih  će li ja.  Na su prot  to me,  GJC  je  po ka zao  sa mo  de-
li mič no  za tva ra nje  glav nog  ka na la  i  bla gu  in fla ma tor nu  re ak-
ci ju oko vr ha ko re na. Ovi auto ri su ta ko đe is pi ti va li uti caj kva-
li te ta op tu ra ci je i od go vor apek snog i pe ria pek snog tki va po sle 
pu nje nja ka na la ko re na sa MTA. Is tra ži va nja su po ka za la da se 
MTA mo že ko ri sti ti za op tu ra ci ju, ali da pre ba ci va nje pa ste mo-
že ima  ti i štet  ne efek  te na pe  ria  pek  sna tki  va [16].
ISPITIVANJE DRUGIH TIPOVA MTA NA ŽIVOTINJAMA
An  ge  lus MTA (AM  TA) je dru  gi tip MTA, a sa  sto  ji se od SiO2, 
K20, Al2O3, Na2O, Fe2O3, SO3, CaO, Bi2O3 i MgO. Po  re  đe  njem 
efe ka ta MTA i AM TA kod pul po to mi ja na zu bi ma pa sa uoče no 
je  for mi ra nje  kal ci fi ko va nog  mo sta  kod  oba  ma te ri ja la.  Ipak, 
u  po re đe nju  sa  Ca(OH)2, po  sle 180 da  na raz  li  ke ni  su bi  le bit-
ne.  Ho land  i  sa rad ni ci  [18]  su  sme su  MTA  sa  po li pro pi le nom 
ili  de sti lo va nom  vo dom  ko ri sti li  kao  ma te ri jal  za  pu nje nje  ka-
na la ko re na zu ba pa sa. Pra ćen je i efe kat pre pu nja va nja ka na la 
MTA.  Obe  sme se  su  po ka za le  slič ne  bi o lo ške  od go vo re,  ali  su 
bo lji  re zul ta ti  kod  MTA  uoče ni  kod  op tu ra ci je  ka na la  ko re na. 
Bor to lu ci (Bor to luz zi) i sa rad ni ci [19] su upo re di li sme su MTA 
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pul po to mi ja zu ba pa sa. Po sle 90 da na oba ma te ri ja la su po ka za la 
do bre re zul ta te u po gle du stva ra nja tvr dog tki va, ali su uoče ni i 
ume re no  hro nič no  za pa lje nje  i  an gi o blast na  pro li fe ra ci ja  [16].
KLINIČKA PRIMENA MTA
Kli nič ka is pi ti va nja ma te ri ja la su naj bit ni ja za pro ce nu nji ho ve 
efi ka sno sti i po dob no sti za pri me nu. MTA je je dan od ma te ri ja-
la iz bo ra za re tro grad nu op tu ra ci ju ka na la ko re na zu ba, za pre-
kri va nje  pul pe,  pul po to mi ju,  for mi ra nje  apek sne  ba ri je re  kod 
zu ba s ne kro tič nom pul pom i otvo re nim apek som, te ra pi ju per-
fo ra ci ja  i  apeks fik sa ci ju.  Ne ko li ko  ra do va  se  ba vi lo  pri me nom 
MTA  kao  ma te ri ja la  za  pre kri va nje  pul pe  i  po tvr đe no  je  da  je 
ovaj ma te ri jal ve o ma efi ka san u le če nju od pul po to mi ja [18, 20].
U  mno gim  kli nič kim  stu di ja ma  je  po ka za no  da  se  MTA 
mo že  uspe šno  pri me ni ti  za  pre kri va nje  pul pe  mleč nih  mo la ra 
(ra di o graf ski uspeh po sle 24 me se ca uočen je i kod MTA i kod 
Ca(OH)2). Pri me na MTA kod pul po to mi ja je znat no efi ka sni ja 
od pri me ne for mo kre zo la (FC) ili for mo kre zo la po me ša nog sa 
ZnO i euge no lom, od no sno kod pri me ne di od nih la se ra. Po sle 
12 me se ci kli nič ka, ra di o graf ska i hi sto lo ška is tra ži va nja su po-
ka  za  la bo  lje dej  stvo MTA u od  no  su na FC.
U kli nič kom iz ve šta ju O’Sa li ve na (O’Sul li van) i Har tve la (Hart-
well) [21] po tvr đe na je efi ka snost MTA kao ma te ri ja la za op tu-
ra ci ju pri mar nih mo la ra. Is pi ti va nja u stu di ji ex vi  vo iz ve de na 
su  ta ko  što  je  tre ći  mo lar  čo ve ka  s  ne za vr še nim  ra stom  ne po-
sred no na kon va đe nja uba čen u me di jum će lij ske kul tu re, a za-
tim je eks po ni ra na pul pa pre kri ve na sa MTA ili Ca(OH)2. Imu-
no hi sto he mij ska ana li za pul pe pre kri ve ne sa MTA uka za la je na 
mi ne ra li za ci ju već po sle jed nog da na, dok kod pul pe pre kri ve-
ne sa Ca(OH)2 mi ne ra li za ci ja ni je uoče na. Me đu tim, na kon 14 
i 28 da  na u obe gru  pe uzo  ra  ka uoče  n je sli  čan ste  pen mi  ne  ra-
li za ci je.  U  vi du  stu di ja  in vi  vo  pu bli ko va no  je  ne ko li ko  ra do va 
u ve  zi s ko  ri  šće  njem MTA [20, 21, 22].
U  is tra ži va nju  14  in takt nih  tre ćih  mak si lar nih  mo la ra  (ko-
je je bi lo po treb no iz va di ti) eks po ni ra na pul pa je pre kri ve na sa 
MTA ili Ca(OH)2. Hi sto lo ška ana li za ovih zu ba u raz li či tim vre-
men skim in ter va li ma uka za la je na stva ra nje den tal nog mo sta 
i  bla go  hro nič no  za pa lje nje  na kon  dva  me se ca.  Na  uzor ci ma 
pre kri ve nim sa Ca(OH)2 po sle tri me se ca uoče ni su tan ki i ne-
pra vil ni den tin ski mo sto vi, ne kro za pul pe, hi per mi ja i za pa lje-
nje. Auto ri su za klju či li da je za tret man me ha nič ki eks po ni ra-
ne  pul pe  MTA  bo lji  ma te ri jal  ne go  Ca(OH)2.  Kli nič ka  is tra ži-
va  nja pri  me  ne MTA i Ca(OH)2  na  hu ma nim  tre ćim  mo la ri ma 
bez  ka ri je sa  ot kri la  su  ve li ke  raz li ke  u  po gle du  kli nič kih  simp-
to ma,  po vr šin skih  i  du bin skih  in fla ma tor nih  će li ja,  vi tal no sti 
pul pe  i  for mi ra nja  den tin skog  mo sta.  Kod  mo la ra  s  re ver zi bil-
nim  pul pi ti som  pre kri ve nih  sa  MTA  tret man  je  bio  us pe šan  u 
93% slu  ča  je  va na  kon 24 me  se  ca. Kod svih uzo  ra  ka do  šlo je do 
for mi ra nja den tin skog mo sta, dok se me đu uzor ci ma pre kri ve-
nim sa Ca(OH)2 den tin ski most for mi rao u sa mo 60% slu ča je va. 
Hi sto lo ška ana li za je po ka za la da kod uzo ra ka sa MTA po sle pr-
ve ne de lje ni je bi lo za pa lje nja, a već po sle pr vog me se ca je bi lo 
for mi ra no  kom plet no  tvr do  tki vo.  Tki vo  is pod  Ca(OH)2 je bi-
lo ma nje kon zi stent no i čvr sto i sa ne pot pu nim kal ci fi ko va nim 
mo  stom, uz akut  no za  pa  lje  nje čak i po  sle tri me  se  ca [23-26].
U  svim  is tra ži va nji ma  pri me ne  Ca(OH)2 utvr  đe  no je mno-
go  ve će  za pa lje nje  ne go  ka da  je  ko ri šćen  MTA  za  pre kri va nje 
pul pe. Ku di ma (Qu de i mat) i sa rad ni ci [27] su pro u ča va li efe kat 
ma te ri ja la na 28 zu ba za hva će nih ka ri je som. Po stu pak se sa sto-
jao od ukla nja nja ka ri je sa i 2-4 mm pul pe iz ka na la i po tom pre-
kri va nja  ostat ka  pul pe  sa  MTA.  Nor ma lan  od go vor  na  te sto ve 
vi tal no sti po ka za lo je 79% zu ba [23-26]. Od 23 zu ba sa simp to-
mi ma  pu nje nim  sa  MTA  kod  sa mo  jed nog  je  re gi stro van  stal-
ni bol. Za  to se sma  tra da je ko  ri  šće  nje MTA kod pul  po  to  mi  ja 
stal nih  zu ba  oprav da no.
U pre gled nom ra du u ko jem su iz lo ži li kon cept mo der ne on-
do don ske hi rur gi je, Kim (Kim) i Krač man (Kratchman) [28] su 
po ka za li da je MTA naj bi o kom pa ti bil ni ji ma te ri jal za re tro grad-
no pu nje nje ka na la ko re na zu ba i da se mo že pred lo ži ti kao iz-
u zet no  kva li tet no  re še nje  u  en do dont skoj  hi rur gi ji.  In te re san-
tan pri stup da je i stu di ja San der sa (Sa un ders) [29], ko ji je kom-
bi no vao  en do dont ski  i  pe ri o don tal ni  pri stup  u  le če nju  pri me-
nom MTA. U stu di ji sa 276 zu ba re tro grad no pu nje nim sa MTA 
kli nič ki i ra di o graf ski uspeh po stig nut je u 88,8% slu ča je va već 
po sle  4-72  me se ca.
Me ta a na li za  30  ra do va  ob ja vlje nih  po sled njih  go di na  upu-
ću je  na  ve li ki  kli nič ki  uspeh  MTA,  ko ji  obez be đu je  do bro  zap-
ti va nje, po ka zu je su per i or nu bi o kom pa ti bil nost i je di ni je ma-
te ri jal  za  re tro grad no  pu nje nje  ka na la  (u  od no su  na  amal gam, 
ZOE  i  Su perEBA)  ko ji  po spe šu je  re ge ne ra ci ju  tki va.  Ne ke  stu-
di je po ka zu ju da je MTA mo gu će ko ri sti ti i u te ra pi ji la te ral nih 
per fo ra ci ja [26, 30, 31, 32]. U pe ri o du od šest do dva na est me-
se ci  kod  zu ba  s  la te ral nim  per fo ra ci ja ma  u  82%  slu ča ja  do la zi 
do  uspe šnog  iz le če nja  po sle  pri me ne  MTA.
Da  bi  se  pre ve ni ra la  eks tru zi ja,  kao  je dan  od  ne do sta ta ka 
MTA,  ne ki  auto ri  pred la žu  do da va nje  ko la ge na.  Tret man  zu ba 
s ne za vr še nim ra stom i ne kro tič nom pul pom po se ban je iza zov 
za  sto ma to lo ge.  For mi ra nje  apek sne  ba ri je re  sa  MTA  je  mno-
go br  že ne  go sa Ca(OH)2. Pri  me  na MTA je uka  za  la na zna  ča-
jan uspeh u tret ma nu ne kro tič ne pul pe zu ba s ne za vr še nim ra-
stom  ko re na  (u  81-94,1%  slu ča je va).  Na  uspe šnost  pro ce du re 
ni su uti ca li sta rost i pol is pi ta ni ka, po čet ni tret man, po sto ja nje 
pe ri a pek snih  le zi ja,  ni ti  vre me  pro te klo  od  tret ma na  [32,  33].
Sta ti sti ka  po ka zu je  da  86,3%  deč jih  sto ma to lo ga  sma tra  da 
je  tret man  se ku ti ća  s  ne za vr še nim  ra stom  i  ne kro tič nom  pul-
pom  sa  MTA  pri hva tlji va  me to da  jer  obez be đu je  re ge ne ra tiv-
ni  po ten ci jal  pul pe.
U  ne ko li ko  kli nič kih  stu di ja  na  mleč nim  i  stal nim  zu bi ma 
po tvr đe no je uspe šno hi rur ško i ne hi rur ško le če nje zu ba sa spo-
lja šnjim i unu tra šnjim re sorp ci ja ma ošte će nja pri me nom MTA. 
Ovaj ma te ri jal se po ka zao ve o ma de lo tvor nim kod tret ma na la-
te ral nih per fo ra ci ja, ho ri zon tal nih pre lo ma, pu nje nja ka na la ko-
re na zu ba, tret ma na zu ba s ne za vr še nim ra stom, od no sno tret-
ma na  unu tra šnjih  i  spo lja šnjih  re sorp ci ja  ko re na  [26,  30-33].
MEHANIZAM DELOVANJA MTA
Jed na  od  od li ka  bi o ak tiv nih  ma te ri ja la  je  spo sob nost  da  na 
svo joj  po vr ši ni  for mi ra ju  struk tu re  slič ne  apa ti tu  ka da  do đu  u 
kon takt  s  fi zo lo škom  teč no šću  in vi  vo  ili  sa  si mu li ra nom  te le-
snom  teč no šću  in vi  tro.  Stva ra nje  apa ti ta  je  za jed nič ka  oso bi-
na bi o ma te ri ja la ko ji sa dr že kal ci jum-si li ka te. MTA je bi o ak tiv-
ni ma te ri jal ko ji se uglav nom sa sto ji od kal ci ju ma i si li ka ta. Is-
tra ži va nja  po ka zu ju  da  on  ima  kon duk tiv na  i  in duk tiv na  svoj-
stva za for mi ra nje tvr dog tki va. Isto vre me no, mno ga is tra ži va-
nja  po ka zu ju  i  ot pu šta nje  raz li či tih  jo na  iz  MTA  ka da  se  na la-
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U jed nom eks pe ri men tu Sar kar (Sar kar) i sa rad ni ci [34] su 
pu  ni  li ka  na  le ko  re  na zu  ba sa MTA i ču  va  li ih u PBS dva me  se-
ca uz stal no po sma tra nje ot pu šta nja jo na Ca, Si, Bi, Fe, Al i Mg. 
Op tič ka i SEM mi kro sko pi ja na kon re sek ci je vr ho va ko re na ot-
kri le su po sto ja nje slo ja iz me đu MTA i zi do va ka na la ko re na. Is-
tra ži va nja ove struk tu re pri me nom EDS po ka za la su da se ovaj 
sloj sa  sto  ji od ato  ma Ca, P i O, te da je vr  lo sli  čan hi  drok  si  a  pa-
ti tu. Auto ri sma tra ju da hi drok si a pa tit mo že ne pre sta no da ot-
pu  šta jo  ne Ca i PO4
3-  slič no  pro ce su  ti pič nom  za  me ta bo li zam 
ko sti.  Ovaj  fe no men  ta ko đe  po ve ća va  spo sob nost  zap ti va nja 
MTA  i  po spe šu je  re ge ne ra ci ju  i  re mi ne ra li za ci ju  tvr dih  tki va. 
Na osno vu ova kvih re zul ta ta uka za no je na to da su bi o kom pa-
ti bil nost, spo sob nost zap ti va nja i den ti no gen ska ak tiv nost MTA 
po sle di ca fi zič ko he mij skih re ak ci ja iz me đu MTA i te le snih teč-
no sti  to kom  stva ra nja  hi drok si a pa ti ta  [35,  36].
Mno ga is tra ži va nja na eks pe ri men tal nim ži vo ti nja ma po tvr-
di la su da je tvr da struk tu ra na sta la iz me đu me đu po vr ši ne pul-
pe i MTA u stva ri kom po nen ta hi drok si a pa ti ta. Po ka za no je ta-
ko đe da se ma la ko li či na si li ci ju ma i fos fo ra na la zi u kri sta li ma 
MTA. Po ro znost MTA je mo gu ći ne do sta tak MTA, jer mo že da 
do ve de  do  pro di ra nja  bak te ri ja  i  nji ho vih  me ta bo lič kih  pro iz-
vo da.  For mi ra nje  ovo ga  slo ja  obez be đu je  he mij sku  ve zu  MTA 
i  den tin skog  zi da,  i  mo že  bi ti  ključ na  od li ka  ovog  ma te ri ja la. 
Sa da šnja  is tra ži va nja  po ka zu ju  da  se  kar bo nat ni  hi drok si a pa-
tit  for mi ra  pre ko  MTA,  po ka zu ju ći  bi o ak tiv nost  MTA  ma te ri-
ja la. Kar bo nat ni hi drok si a pa tit pred sta vlja mi ne ral nu fa zu tvr-
dog tki  va, kao što su kost, ce  men  tum i den  tin, a po  znat je pod 
ime nom  „bi o lo ški  apa tit“.  Hi drok si a pa tit  se  for mi ra  na  MTA 
već na kon pr vog sa ta, da bi ga pot pu no pre krio po sle pet da na.
Pre ma re zul ta ti ma is tra ži va nji ma, for mi ra nje apa tit nih kri-
sta la  unu tar  ko la gen skih  vla ka na  pot po ma že  re ak ci ju  iz me đu 
MTA  i  den ti na,  gra de ći  od go va ra ju ću  he mij sku  ve zu.  Kon cen-
tra ci ja fak to ra ra sta ta ko đe igra zna čaj nu ulo gu u stva ra nju tvr-
dog  tki va.  Na  pri mer,  vi so ka  kon cen tra ci ja  TGF-β1  ima  za  re-
zul tat  apop to zu  i  sni ža va nje  den tin skog  fos fo si a lo pro te i na  pre 
ne go po zi ti van efe kat na ozdra vlje nje tki va. Po je di ni is tra ži va či 
pret po sta vlja ju  da  stva ra nje  TGF-β1  pred sta vlja  po zi ti van  efe-
kat  kod  bi o ak tiv nog  ma te ri ja la  na  okol ne  će lij ske  kul tu re.  Me-
đu tim,  stva ra nje  sig nal nih  mo le ku la  i  jo na  tre ba  da  ima  ne ku 
pri hva tlji vu  kon cen tra ci ju,  da  bi  se  po spe ši la  vi ja bil nost  i  pro-
li fe ra ci ja će li ja. Iako je for mi ra nje hi drok si a pa ti ta po želj no i si-
gu ran je znak bi o kom pa ti bil no sti ma te ri ja la, hi drok si a pa tit po-
ne kad  mo že  iza zva ti  će lij sku  smrt  i  uspo ri ti  pro li fe ra ci ju  će li ja 
uko li ko  je  kon cen tra ci ja  Ca-P  če sti ca  vi so ka.
Vi so ka kon cen tra ci ja uti če na sma nje nje ak tiv no sti oste o bla-
sta. Žao (Zhao) i sa rad ni ci [37] su po tvr di li da ko li či na eks tra-
ka ta iz kal ci jum-si li kat nog bi o ak tiv nog ma te ri ja la tre ba da bu-
de  na  ne koj  že lje noj  kon cen tra ci ji  da  bi  se  po spe ši la  pro li fe ra-
ci ja će li ja. Ne ka is pi ti va nja po ka zu ju da di rekt na pri me na MTA 
na  tki vo  pul pe  iza zi va  pro li fe ra ci ju,  mi gra ci ju  i  di fe ren ci ja ci ju 
odon to blast nih  će li ja  ko je  pro iz vo de  ko la gen ski  ma triks.  For-
mi ra ni  ma triks  se  po tom  mi ne ra li zu je  i  stva ra  pr vo  oste o den-
tin, a po tom i most ter ci jar nog den ti na na kon ne ko li ko me se ci 
od  pre kri va nja  pul pe  (Sli ka  1).  Me ha ni zam  de lo va nja  MTA  je 
vr lo sli čan efek tu Ca(OH)2 na pul pu na kon pre kri va nja [35, 36].
Tom son  (Tom son) i sa  rad  ni  ci [38] su po  ka  za  li da MTA ot-
pu šta  raz li či te  sig nal ne  mo le ku le  iz  den tin skog  pra ha,  ko ji  ta-
ko đe  mo gu  ima ti  uti caja  na  kva li tet  i  br zi nu  kal ci fi ka ci je  mo-
sta  to kom  nje go vog  for mi ra nja.  Br zo  bak te ri cid no  dej stvo  na 
En te ro coc cus fa e ca lis po tvr đen je u ne kim is tra ži va nji ma gde je 
den tin ski prah po me šan sa MTA pra hom. Ce men to-kon duk tiv-
ni i ce  ment  no-in  duk  tiv  ni efe  kat MTA je po  tvr  đen i pri ma  njoj 
kon cen tra ci ji  ma te ri ja la  (od  20  mg/ml).  Po je di ni  ra do vi  po ka-
zu ju  da  MTA  po sle  hi rur ške  ki re ta že  ima  funk ci ju  ka ta li za to ra 
ko jim se pu ne šu plji ne cen tral nih gi gant skih će lij skih gra nu lo-
ma,  pri  če mu  do la zi  do  oste o kon duk tiv nih  i  oste o in duk tiv nih 
efe ka ta, po bolj ša va se stva ra nje ko sti na me sti ma tu mo ra i čak 
spre ča va  po nov na  po ja va  tu mo ra  [35,  36].
Na osno  vu na  la  za is  tra  ži  va  nja mo  že se re  ći da je MTA bi  o-
ak tiv ni ma te ri jal ko ji mo že da kre i ra ide al nu oko li nu za iz le če-
nje okol nih tki va. U kon tak tu s ljud skim tki vom ovaj ma te ri jal 
uslo  vlja  va niz pro  ce  sa, kao što su: 1) na  sta  ja  nje Ca(OH)2, ko  ji 
ot pu šta  jo ne  Ca2+  za  će lij sku  ad he ren ci ju  i  pro li fe ra ci ju;  2)  an-
ti bak te rij ski  efe kat  svo jim  al kal nim  pH;  3)  mo du la ci ja  pro iz-
vod nje  ci to ki na;  4)  po spe ši va nje  di fe ren ci ja ci je  i  mi gra ci je  će-
li ja ko je pro iz vo de tvr da tki va; 5) for mi ra nje hi drok si a pa ti ta (ili 
kar bo nat nog apa ti ta) na po vr ši ni MTA, ko ji omo gu ću je nje go-
vo  bi o lo ško  za tva ra nje.
NEDOSTACI MTA
Glav ni ne do sta ci MTA su: bo ja, za stu plje nost tok sič nih ele me-
na ta  u  sa sta vu,  te ško će  odr ža va nja  oso bi na  ma te ri ja la  to kom 
vre me na,  du go  vre me  umre ža va nja,  vi so ka  ce na,  ne po sto ja nje 
ras tva ra ča  za  ove  ma te ri ja le  i  te ško će  nje go vog  ukla nja nja  po-
sle  umre ža va nja.
Gvo žđe  i  man gan  su  od go vor ni  za  efek te  bo je nja.  Po red  to-
ga,  MTA  sa dr ži  u  se bi  tok sič ne  ele men te  po put  ar se na,  ko ji  se 
ot pu šta  vr lo  spo ro.  Za stu plje nost  fe ri ok si da  sta bi li zu je  ar sen  u 
MTA. Zbog to ga se u ma te ri jal uno se ma le pri me se fe ri ok si da, 
ka ko  bi  se  po ve ća la  ne ras tvor lji vost  i  mo gla  kon tro li sa ti  ki ne-
ti ka  ot pu šta nja  ar se na  u  tkiv ne  teč no sti,  gde  po sta je  po ten ci-
jal no  tok si čan.  Ras tvor lji vost  ne kih  „portland”  cementa  i  ot-
pu šta nje  ar se na  iz  ta kvih  ma te ri ja la  či ni  ih  pro ble ma tič nim  za 
pri me nu  [39].  MTA  se  mo že  ko ri sti ti  i  kao  al ter na ti va  za  gu ta-
per ku  kod  op tu ra ci je  ka na la  ko re na  zu ba.  Ne do sta ci  su  mo gu-
će bo je nje MTA i du go vre me umre ža va nja. Vi so ka ce na MTA i 
in stru me na ta po treb nih za stva ra nje apek sne ba ri je re kod zu ba 
sa ne kro tič nom pul pom i ne za vr še nim ra stom ko re na i pro ble-
mi  pri  ru ko va nju  ta ko đe  su  zna čaj ni  ne do sta ci  ovog  ma te ri ja-
la.  Du go  vre me  umre ža va nja  je dan  je  od  raz lo ga  ko ji  uti ču  na 
efi ka snost  pri me ne  ma te ri ja la.  Ta ko đe,  još  ni je  pro na đen  od-
go va ra ju ći  adi tiv  za  br že  umre ža va nje  MTA.  MTA  se  ne  mo že 
la ko  uklo ni ti  iz  ka na la  ka da  se  ko ri sti  kao  apek sna  ba ri je ra  ili 
kao ma te rijal za pu nje nje ka na la ko re na. Na po ri da se pre va zi-
đu  ovi  pro ble mi  do dat kom  ili  ukla nja njem  od re đe nih  kom po-
nen ti uti ču i na oso bi ne MTA, što pro blem una pre đe nja re cep-
tu re  MTA  či ni  vr lo  de li kat nim  [34,  39].
ZAKLJUČAK
Na osno vu broj nih is tra ži va nja in vi vo i in vi tro mo že se re ći da 
je MTA ma te ri jal iz bo ra u ra znim in di ka ci ja ma u en do don ci ji. 
To je, pre sve ga, sred stvo za re tro grad no pu nje nje ka na la ko re na 
zu ba,  pre pa ra ci ju  per fo ra ci ja,  for mi ra nje  apek sne  ba ri je re  zu-
ba s ne kro tič nom pul pom i otvo re nim apek som, di rekt no pre-
kri va nje pul pe i le če nje od pul po to mi ja. On ve o ma br zo do vo di 
do stva ra nja mo sta tvr dog tki va, ko ji pred sta vlja do bru za šti tu.107 Stomatološki glasnik Srbije. 2011;58(2):97-107
Is tra ži va nja  u  ve zi  sa  de po zi ci jom  oste o den ti na,  će lij skom 
pro li fe ra ci jom  i  iz gle dom  osno ve  imu no re ak tiv nih  odon to bla-
sta slič nih će li ja po ka za la su da se oko krv nih su do va pul pe pr-
vo for mi ra ta nak ne kro tič ni sloj sa in fla mi ra nim će li ja ma is pod 
MTA. Ovaj ne kro tič ni sloj se uoča va od mah na kon pri me ne (u 
ne kim is tra ži va nji ma je uočen već po sle 24 sa ta), a po sle ne ko li-
ko da na do la zi do for mi ra nja kal ci fi ko va nog den tin skog mo sta.
Tre nut na  is tra ži va nja  na  ma te ri ja li ma  di zaj ni ra nim  za  po-
ten ci jal nu pri me nu u en do don ci ji u okvi ru ne ko li ko is tra ži vač-
kih gru pa tre ba da uka žu na po ten ci jal ne kih no vih ori gi nal nih 
re cep tu ra, ali i da u od no su na MTA kao ma te ri jal iz bo ra po tvr-
de  svo je  kva li te te.  Do sa da šnji  re zul ta ti  na  će lij skim  li ni ja ma  i 
eks pe ri men tal nim ži vo ti nja ma da ju za pra vo da ve ru je mo da će 
no vi ma te ri ja li sa svo jim svoj stvi ma mo ći da se po re de sa MTA.